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Sssex IG8 QTU (QB) 



8ackgrou!-;d noSss compensstson in a telephone network. 



0 An susomsied !-nsjhod for modifving a speed-; 
sigsjas in g Seispi^ong neJwDfk appifes a gain factor 
i;S4) which is s iJincfeon of ths Ssve! ot backgroiind 
fio^ss (22) ar a given deut^nation. and tfanarriits ;i^e 
■Tsodiiisti sS'Seci": iiiS'saS i>?5! lh& des^^r-sbor). The 
gssn appised (by 25} may a fynctiori of Doth the 
Lsckground ;:o;s.a ieves -in--^ Jhe o:ig!r;a! spe-ech sig- 
rssi. Sffhsr a ;in«ar a; a non-linsar (e.g., eompressedi 
sn^piifjGStion: o? shs orsginsi speech signal may be 
psr?orm&d {in -.YSisre a comp!?sse-J arriphtica^cn 



sigria; hieing smpiifiec by a smjiii^^r gfjir- factor tijan 
tower isvei gortions. Ti^s speech sigoai may D& 
separated Into a pkjra:i!>' of subbarsds, each resultsnf 

dance W!li>'*e present inventsosi. in thss case, eacii 
subband spe^oh signij.' is a;^ipi:fied by s gain factor 
bS3Sd on a corr-iaponding suboan<^ rjoise &ignai. 
generatecj by separating tiie backgrG:.:nr; noisi* signai 
into a corresponding pksraisty ;>f s!.sbbands. lbs in- 

!>!oed to form ths rssiiiiant modifisd spe&cf^ signai. 
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Ths subjsct maSsr or tiis appSicatioEi is E«:ated 
ta the U.S. Patent appsication ot J. 3. Alien and D, 

lion so a reteri^!>!-is S<n, Sisr- No. 0&'i 75038, filed 
or- <->vyn 03io :K:!K>>>-!;h f:3s:gi-f.d -0 as- 



The pfsseni srsvsrsiion reisms genersily to Ei)e 
^^8ld 0! tsiscQi-nmui-iieaSons and speeificaiiy to the 

nicsis with s party focatpd sn s noisy snvifoomsnt. 

'A^hsr- jX-;sa"; coTTSi-nunlcsiss ovsr a tete- 
phone network white fecstod in a noisy environ- 
fj>s-nt, such ss a fsossy roofn, an airport, a car, a 
s.t;-5-sl corner or « rO'Staiji'ars;, i; cars orleo be- diit;c:-j}t 
to hssr tie person sp«aking at the other end HQ.. 

"oesr-efid" or ts^e "dsstsn^iors"}. In some 
cases, d;.!e to l^x? vsrisbiiity of nufnar; speeci'!, ihe 

o'-'sr sne f;Of:;-eod bf:ci-:groi:r"0 r;0:sy and sonie- 
timss unintsiligibte, yorsovsf, the noise iev&i at 8i8 
fKSi-r-ond ;i^i«y itsei? v-ssy ov;j:- making ii-!5: far- 
end s-psskers v-::!:0;; isvs! st tio^iSS adstinals an-:5 at 



s&ove<ti-vd U S Paioni No. -^t.82t;,56s tr-iis to adf- 
qostsly soive the background fsoisa problem, in 
particoisr, these spprosches feil to recognszo fh© 
fact that by ssripiifying the sigoal which suppiies 
the handsgt recosvor (i.e., tfis io'.sdspsste'r), tne 
side tone is siso an-^piified. iTi-^.e sid« tont^ ;S & wsSi- 
known fesd-tf^rough eftect irs a telephone, ,^ podioo 
of -ho inpuf signsi from tfje handset irsnsfnitssr - 
the tTsiCfophon© - is rrsixed s'<it^ the tar-eod 
spije^-h sign.3! receivf.!d tr-on"; ihe netiivork. fhe re- 
suitant, comhirjod signal is tinea suppiisd to the 
handset sosjdspe&ker,} Since tiie stdo tone co!-!i.ri;ns 
ihe bscitgroorsd noise, itselt, fho bsakgroiiRd riotse 
is, disiidvantagsoosiy. an^pi-fisd concyrreotiy v-'ith 
the far-end sps&ch signal v^heosv&f sucf^ a voiorrse 

the noise i!5$^]efher,. Ei^e degradinp sifect of the 
r;ois6 csn actu^afty bsconse /--orsf.! bocaose oi the 
ptop-srties of ihe hi^maT ear. 

iv^oreover, the oss cf eitrser conventienai man- 
ual voSyme controls or the automaiic mecnanssm 
■r5;SClosed in si^e above-ciied U.S. Patent f-fo, 
4.829,SeS miilras the ose of spoe-'-iii:-:-5d -otophone 
Eern-;:ns! ■•3qij:prn--5ni. Ws n3\-s recoK^nixsd th&i s:n.',e 
tf®fe are sriillions of cor!ventlQ,-?al telsphons sete 
{without any such oonlrois) pireseotiy in use, it is 
higi-siy dssirabio that a mechgnism which cetrs- 
p<;;-i)SK-i5s fo:- the ijisoence oi be--;kg!-0!.sf--:i f-::>:se be 
provider; ^f'-'ithosii rf-";!.;ir;n5 s:.;ch spcoisiized --xviip- 



.Atthoogh tsrminai tossphorfe sqatpment some- 
teispiKtos ioiidspeaker j/.s-,, the espjecej, such 

■■;har;g--;j. iii<- ess-- w;ii want to i'oadjijs;; the rnanij^if 
voiame control in an attempt to maintain a pre- 
ferred iistening Sevst, Goneraliy, It is iikeiy Jo be 

, adaptive) -rootr-s; o^oohanie-r-, ti^an re- 
qr-nng iho iistones hrst to determine the existence 
0: ihf: pujoien-! afv:;; thpis to -eke a-::tion by sdiusfing 
a rrtanuai valums controf. On© soiution which at- 
tempts ta adcifsss this prot>ism has been proposed 
in U.S. Patent ^^o. 4,829,505, issusci on K-tay 9, 
■iSiJg to ;-lc;ix.vt Goi-iibeig, wh;ch -discioses a 

gain is a function of tho ievel ct tiss background 
nosse. 

SomrttSEV «f tf^f: it;ventli5!-i 

Wa have recognised that the uso^ of 
aonvsntipnaf rnanpaf voiome controis or an aisto- 



i;-; accorda^ice with ti-;s present inventiO:-;, back- 
ground noise cgmpensstiop is provided wifhsn a 
teiephone r^stv^ork, in this nign,ner, the far-end 
speech sig-isi may, adv3ritagix;u£iy, be amplihed 
as 5 function of ths backgio^jnd noise wittiout &S- 
muitanseusiy ampiifying the eide torsss. Moreover, 
the oenefiis of the inventioh ars thereby pros'ieeci 
to aii users of the network, ^vithout gay rfeed to 
fspiace existsoo termins; teiepfsone equ;priient with 
speciasized eqioipment. As used hefeif), S'is tssrm 

fionaf terrestnai teisph-otje networks (iocai or icng 

tion networks, radio transmissiors, setitiiite trafisnsis- 
sion, microwave transmisssos, fiber optic isnks, 
!?re.. Of any ix:--Til>;n,ation oi any c-i ^ne^-o trar!s:n-i:s- 
sion netvs'orks- 

Spectfioaiiy, a modified spesch si-gnai is pro- 
diiced tfom an originaf speecf? signal wsthift a teie- 
phone netivork destined for a gsven destination. 
The onginsi speeeh ssgna! !S arnpihiee; i.>y a gasn 
factor to produce ths sTiodifrsd spssct- ssgnai. The 
gain factor is a function of a received ^-igeai indica- 

jr-odiiicd signai is then cornrnunicated through the 
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netvvork to the dsstSs^atfon. 

Th6 gain fector rr^^sy be a fursdion or the levs? 
of the backgmuns rsosse. or is ft:>8y foe a fosctscn 
fc<j!ft ths s«vsi of the- background noise afjd tbs 
;<5vei 0? ihe origi^'sii (/.e, ;he fa^-erjci} spescn signai. 

C'ompnss an aj'sipilfied arsd "con'ipresssd'' ¥8!"«!(0n 

signsi sre ampisfisd by a snnali«f gain facter than 

In sGcofdarics with mm lyustralsve ambodiment, 
the ofigjfsai Jpj^ecn sign&i (rsay b« separate^^ into s 

Signal iTsay bs sndivsdually modifssd ampisfiedi 
«c-:c-:dj5i-;c;-;? vvi:!-; ih* t8-;iii";;qiJ5.- O! pr-sssni: 
invention, i;^ par-icuia:, tnoss OHgins;! subbc-.rid 
spescn signaSs iTsay b& aiTiplsed by a gain facte 
which is a fof5Gtson of a cormspoRding subband- 

oigna! i!;di-:.-iSiv-;i c-i tns ba^'Agrouno no;fe into a 
cor;espC:;"-:ii:V3 piy-aiiiy subbs;ids. The indtvidual 
modified ssjbb&id signa,§8 may thsn bs combined 

Bi-sef Dsscription &f ^hs Drsw[r}gs 

Figurs ! s.bows a telephontv nsf^voik which 
ifioiudes; a ^lo^ie c-xripensaticsi-; syskJ-ri ;r: a-:x.or- 
daftcs witi-! an iifestrativs embodimerst of the 
present snveniion. 

S:03db&."rj-ba3--5d iiii^^Lf-itivf! sfriiprjOinionf of a 
noise con!p8i>s8il«n systecj^ m sccordartcs with -bs 
prossnt invsntici!. 

Fsgufg 3 sbQWi-s aii iilusSragvs tn-spiementatjoo of 
ihe noiss isv-si eslirn^iiicri unit of th-3 sysftim of 



! co?rip:.:-at:Oi^ 



sirativs in-spleniontarion or 
of ibo syst'E::?"! Fitj'jre 



Qiiif: which o'iay d-e ;spi;;;!-5<; to ihe odginai speecb 
signai by tfii^ signal boost ui-il of li-;?; systesT; q\ 
;"ig;.i;e 2 ^sUiSiying con;pfei;si5d aiv-piificaiior:. 

Fi$:ors 0 is a graph of tho cor^'ssponding frans- 

fsr function; for tbo iiisJslraJfvs ssgnas boost ur-if 
which rssoits ffosii applying the gain shown in 

Fig;j!Q V shows an i;;usf;3t)vo ifnpiemanjation o^ 

systeriTi of Figijf:-? .? appiying a oorripresssjd a-Vi- 
plifiostion as shown in the graphs of Figuros 5 and 
g. 

Figum 8 shows an altsrnative iiiustfatlvs m- 



2 for i;;>3 in ar; :-.=>rni;;-odiir-;jr;: appiyirsg con;|:ir;5s;i--Ki 
si-npilfication in an sitematlve fnannsr. 

p-!!fiOfn;::!d SO ir-dividiiai suboa'ids. 

Detaile d D&seripjijon 

Introduction 

The presont Invsnfion ifrspreves the signal-fo- 
r;o;<;o ratio (Sh^R; of h far-ond spoalf&r's spssoii ii^ 
the r?ear-end ifstener's ear ^^^hen ttm siQaf-ss-sd isa- 
leno:- is ijsi;V:i a toispbona in a noi^y erVv'scoriiTisnt. 
Tfie ievei of the noise in fhe ea^ ot the nsan-snd 
issferier can ds estlmatsd froni lb© sigosi ievsss 
pickod up isy tbo trsnsn^ittsj' (irsicrophons) in tfss 
;^ira;-enp iistsner's iiafidsot. i-JasoP '>n -hose Ssvs-i;;, 
the or:ainai i-pascn ?ionai gerierat^jd ihe far-ond 
sp&gk&r may tm irtsxIilkiP witfiiri th* tetepbons net- 
worl< by boing smpliffed by s variabie gain factor 



'ovide ) 



pibis 



iistenpf. This modibcabon irsay advsntsggpussy also 
be a fEjnction o1 the lsv>3i of the original sposch 
sign si itself. For example. ihQ speocii pov?sf ievei 
(1.0... a "iong-tsrnr?" svsi'age isvel of the oHginai 
spesch Signal) rnay bo incorporated info the dster- 

lively quiet signais may ba boosted (/.e., at^pSifiod) 
by a iatQor gain i&cior i;-;sn ;pi3t;vo;y iood signais. 
?i;loreovor, the modiffcatioi-! of the spsscb sigrsai 

iiisar. (illListrailveiy) compressssi, ampiiftcation. 
Compressed sfnpiiffcation, ii> particuis?, boasts 
iood poitions 0? the o-d-^-nai s.peeob signal by a 
ietssef ariKJLint {.re , with a ?f5n:iier gf^if! iacvsr) than 
quiai pO'itions. Thos, il is possible i;? tnis manner 
to, on 3 shoft-tefTf? basis, boost the signals which 
fail foeiow ti'js bsci<groond noiss isvsi withoyt 
boosting fbs signals which am airaady significantly 
at'Ovo tho Paci^gfOi;!"id noiso ievsi. Sin-vple :;ns5r 
atrsplification, by contrast, boosts all signal ieveis 
Oy sf: sq!.;a; .if-ioooi When \:%e<:i to boost iew-iovoi 
signais above, tlio background noise, iinoaf arrr 

above tba noise! co«id rocsivs sxctsssivB an^plifica- 

Fsgure 1 shows a telsishono network svhtch 
mclodss a noiss coinpensation system oirtbodylng 
the prindpies of t-e proseni invsntion. A far-encs 
sp&aker providss an odginai s.;>«s<:;!; sigoai through 
microphone 11m (of teiaphooe tiandset 11 h; of 
cprivsntionai ffjr-eod ■eiepi":one 11. (Toisphons ban- 
■feet 11h a;s.o inciodos ioodspssk?;- 11s and feia- 
pf-orip 11 also iooiudiis d5isi<s:et i1d.) Thig odginai 
speech signal, after oeii^g orocossod by toiephona 
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f-st^wrk 12 ;?> accos-Sance ^iih the principlss o? ths 

Ssnsf ijsing convsriiionaS near-end tstephon-s 13„ 
T6iep;x..-ie 13 co-nixiyss d^^kset 13d ?:nd handssi 
13h. L.ojdspeski.-:- 1? fet-'ssents ;hs pfssencs o! 

by fTiicrophons 13m contamed i?-! handset 13h), 
TSiis swise-iftdicasive signsi includes back- 
§roufid noiss in ihs iisar-end anvironj-nerst. and 
rmf fiffSief iriciude any SKsaecli provided io teSe- 
piiony t$ Dv ihi- near -end iisterisr. Noise -zcm- 
pensaticri syfi-jf:! 14 i:iso fec^jive^ thi5 orsgino! 
spssch signal froni ths far-ens spsakes- (providsd 
fey ias'-snd tsfephonalll 

i^ s!jrr;;r!firv', nt;;^s> cc-rr;p6ns3tlon syiit&ni 14 
lirsi d8tsfrfi!n«s tns isvsi or backgroiiEsd noise by 
^xttSf;;;':ing «rc; ris-'r^oving Siny (near-sr-d) speech 
C.c;ft-;por!eni ff03 !h? !'!05se-:nd;c:3t!V3 signai. Nt-si. 
:X:-i3-; cor:^s-e!-!i:aiion <:ytin;ri14 boosts; X^'-i on^ingi 
Speech sign;-.! ba?.ed or; the dsisfmlned back- 
ground noise ievei fo produce a modified speech 
signss. Tiie modifisd sp^seci^ signai is fhsn transmit- 
;-5d io nesr-ijn-;; te;;Jpi"i-:.!!i 13 ios oroadcsst th't ugii 
loiidspeakyr 133 contisinec! in nardset 13n. By 
snciuding noise ccmpeosaiion syste?Ti 14 wiihirt 
teiSsiiiOfi-ii !"&5wor:-; 12. oenotfti' O; fw^so corrj- 
pt.BS.j!icn rnay b& oiit«ine-J WiSh use of convsn- 
■ionai tefmsnal tatephons equipment, 

ng!.:f!5 ; aisr- iijlepfsof:-; swslches 15f 

and l^rj: -At:;cii connect to ts--snd teiepi^ono 11 
i-nci near-snd feiepi^iant- 13. rjispsciively. Switch?:S 
ISf snd 16n con-:p!:?e conveniionai telephone 

tlOfial i-ybrids 16f and IBn. ^viiich eomprisa con- 
veniioni-i iifc-jiis \o; <::or!V8!-iing beiw;3s=n sii^nrJarci 
iwo-w'ire a;:d iouf-wirv teisphons lln&s, 

nsustradye Sfoadbsnd smplesrisntation with 
Linear Amplificstion 



i:);G3-.jna:-!d-i;ssed illustrative eir-ljodin-ient o; noise 
co!T^;pensa&);-! 3ye--:5fn "4 inputs ii^.s system 

indicative signal, wnioii msy Iwrm&f inciude spescb 
provided oy t;-;e nt-ar-snd listener. Ti-:e svst-sfr; pso- 
duces a fTiodified sjxieci) eignai tor improvsd Intei- 
iiglbiSity as ositput. Ail of t^is signsis describes willi 
ffiierence to li'se iii:.!eireiive ijf?-!b->diir:sr;; p-essni 
derain aie p'-esun-i6Ci ic- Pa in digita! forfn. 

Based on ti>e nosss-lodicative signai, noiss iev- 
0! esiii'v-atori 22 d-i-iersTiin-jS the "noise iicof" and 
outputs a signa; representing thst vafos. in pssiicu" 
irsf, iiis signsi rep;;5ssn;s Ei^s noise level over a first 
pftKi'StejTnined penad os' tinie. 8y setting this first 



pf5-^d&fe!ni:rsG period a ■oiruSiv-.jiy shori v-akie 
Z&O (riiiieeoo^ds or less), the dsterf-^ined 
noise fiocif will substantiaiiy foiiow changing ieveis 
of background noise in th« near-sod environfiieot. 
Specdis&iiy: lix' noiss- floor sijjnsi repsesmis a 
sh;5r;";;5r;ri {e.g., 250 .'niilisecofids,; rrrriitrsuni vaiue 
of ari "exporieoSionaiiy jTissped pas; averego'' sig- 
nai, and can be 9sns;aSed ^isirig .Known teohoiq-jos. 
An iiiostrafive impierosntsiiof^ of noise level estirsm- 
•iof] 22 is yisovvn in Fsg^ire 3 and <l6sc.ribed bsiow. 

GAiN, ffhose mlus is proponionai to "si^e noise fioor 
signsi arid snverseiy proportionai to an svsrsge 
spseoh pGvvc-f ii-v«>! sigrsai. Tfiis ga:f; signf;! ropve- 

which tde Ofiginsi speech signai may be arnpiified. 

sraied by speech power esfimahon 21 «i^ri repra- 
sents ji'se average ievei of the original epeech sig- 
nai over a second preoeivrrnined period oi time, 
Tfi.at is, the avsrajs Si;^e^;ich po^vor ievel measures 
the "onargy" iovei of the speecii signai. Providing 

level silows reiativeiy quiet caiis to receivg a sufii' 
cient boost for s gtvs!i background rsoise Sevei, 
Willie preventing i&ud calis 5rom i^sirfg over-boost- 
ed. By setting ths second pisdetermio^tsd oonorf to 
a reiativeiy Song value rag., one seconds. It can 
mors readily be determined whether the current 
far-out:! speeei'; cornyri!:es a loud c? suit eeciirsor!- 
of the call. Thus, the average speech power ievei 

Speoon power estlrriaticn 23 may be irnpiememod 
by cenvemionai signal euetgy sstisriation isci"!~ 
niques. M ifiustrativa i.mpiementatiors of gain com- 
pottisior; 24 is sr-ow,'i if! Figiinv 4 anri doscribeO 
beiow, 

The gain signal and ihe orsgii-sai speeeii s;gn5l 
are provided to signai boost 2S which oroduc-es the 
mo<iii!od sp&scn signal, W.herc-i only linear am- 
plification is destied, slgi^ai boost 25 fnsry cnmorise 
a conventional smpiifler {i.e.. a muitspiier), in this 
case, the onglngi speech s^gngi is amplified i^y a 
gain iacsor equal to the value of ihe gain signai, 
GAiN. VvnerO: on the otrisr man. comoressed am- 
plification is desirsd. signal boost £5 may coinprise 
cffcuiSry tor procedors! code) which aropiifies ths 
original speecii signal by a gain factor less than or 
equal to the vales of the gain signs!, wherein E.h8 
gain farrier iijrlher depends on the ievei of tho 

GAIN, fepreseets ihe maxirjioms gain which wiii l>8 
sppiied by the "compressor," An illust-Jstive im- 
pien-aritiiiicn of slgfiai hootri 2S e<rov!<:flng Ciorfspms- 

i"igyre 3 shows an iiiiistretive implemeniation of 
noise level eefiniatlon 22 of the systen- of Figiiio 2. 
Fifst. high p-ass filtu^; (HPF) 31 remove? DC frorri 



4 
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mmUBQ m s Ism order rscurssve dsgitsj filter having 
s Cvi-oS :V?.H.5US5noy 0!\ fo; sjxajnpSe, ?.0 H;;, anc; f!v.y 
b<;> bss-jd cn ;5 oianii;-.-.'.; fek-prij^;/ aan-5pling fre- 
q!j?;ncy 8 kH::. Absolute s'aius b:ock fABS)32 

orAn^j-Aiii i:m s^'poiipnEiaiiy niapp&d pas; Average 
fEfvlPs, As deso-ibsd above, *h& f^ponsmiaiiy 
fnrspjXrij pjij;; fsv:5:<:g« conipdsss an e-xponantisi^y 
wsrigh-iK; avgrfige vaiye of th(> noiss- isvei. i.cvv 
D«S3 ;s;l--5r 33 Is olso coriv.jf-isona! deiign and 
mjsy ilSustraSsve^/ txj impfemented ss a Srst order 

a sarfipSsfig p«d<5d and r g imm constant SSsustra- 
tively, T Q,12S -Tss sr?d r 16 ms. 

Minimiirsi sampfe iateh {MiM) 34 stores the 
rr;ri!fr:j;v^ yaw!.; d E^<^P over the nrst p:6fi<e!-::f- 
rnin&d pedod 250 niiiiissconds). If:? 
o;.!tp:.j; ^iigrsa; of islch M, MEiMP, Ihsrsk.-e rsots- 
$m\$ ti8 sho't-tsrm iTiinsmum of ihs exponen- 
tions::;,' r^ispped p-ifs 3vs!555e. anci t-us. rspigsen;? 
ids i.ho'--ii3r5r ■rssniTiUfn vaiuo of tsif; avorag&d 
fioise-mdicslive signaL Tdis stgnai is subsequeotiy 
«S3d to repfsssnl Sse i>oise ffoor over which fsf- 
ersd speech sho;j:d b« soostsd. in s corrpsponrisng 
;Tsnr!er. !ri3>;;;:V.sf>i ag.f-^pis latch iMAX) 35 stor^is 
ih4: rfia."x!f;".;:P vafee oi SM? ov^r \he sams? pre- 
doiefrnlr:sd p^dod. Th-j ouipsii sli^r-si of latch 35, 
PEMP, td:5f3?!5r8 rcpr-sssnfe :h6 ahori-iGm-i p-a;:k ot 
t:h9 ^Kporssntios'jsiiy mapped past average, and 'htss 
repressnts Ihs shed-tss-rn peak vakis of ths avsrag- 

rioise-;rid;ca-;v& signal, Latchsp 34 and 35 may 
s>8 smpfeiTsenled by convgntions; digital corapara- 
;0r3. sslecsers storgge dev;r,ss, wlJh ihe stp-- 
age devices fi?set ihe stad or each cycle o; ihe 
predsteEToing'd tsfn§ period. 

Speech dstecio;- and noi^^i floof ©stirr,a;er 36 
gensral-a? ti-ij n<;;;;e liC'O!' s;gnal c-iJtpuJ based on 
signais MEMP asxi PEMP. Speci'lcaliV: tt pedonrss 
two functions. First it is determinsd whether &)8 
noiss-indscativs signsi presently isiciudss only 
nolss 0.' wnethsr it prsssr?!5y inciudss sp&eiih ss 
vvelS. This quesfiofs may bs resoivad by conven- 
ilonai tecnnip-jea, ai;ci: as thoss used in tns i-r.- 
ptSirosntatliXi or coswentioriat S];!eak8rphori8S. Fof 
exampse, ir-=. <iu<.:i;?n- o; Pfc;MP ;:eprf;somir:g the 
shsd-fesTO peak vaius of the soise-iodicative sigria!) 
divided by fvtF.^'^P (•■eprssentsng the short-tgrs? 
msnioiLsm vslm o? tho noiss-sndicativs signal) may 
bs compared with a predeterminsd Ihreshoy, The 
laj^of tiiis qpotiont, trss iSfger the vsrlafcillty in tne 
isveS of the input signal. 5f the Isml of ths input 
s;p;\Ti! ;s su!^:Cl-.5ni:y vanabip i,vi;h!P ;i-;s firs- pi'e- 
d6tem-:;nsd tin'ie pedod.. It Is pf&Sijrnod that speech 
i§ pres&nt C^fofe that she variation in signal fevel of 
jpesch typleaiiy s:'-/;ee<:ia ih&t of baokground 



Second, speech datactor sne nolens ficoc es- 
■insaipr 36 sats the 0:.;tp;jt nolis fk^o:- signal tc; & 
vsfue which represents the estinriatad levai of the 
s noise iitfO!'. si ■■t is datoiniined that sp&ecn is. no- 
present, the noise fioor signal :s ssi io MEUP. -hf.- 
short-tsrrn miftiroum xfsiye of the noisedndicative 
sigrud. Oshewisa, the noiss fio<if signai romsin^; 
ancfianged - that Is, the provioes vaius? iS n-air-- 

?o tain^d. In this ;ri;;nr;;5r. when -ha presenea of 
speeci; rnaK-is difficuit ts datem-isna tne sct-jai 
pras&nt Isvsi of baekgrouod ncise, it is prosumad 
tfBt ths ooiss lovei fsas sjot changed since the 
pnavieif? period. 

7'.: Iri one aite.'nrjtive e-TiixJdiment. tha vaiue c-i 
Pirfs^P aione r;!>ay ix- coraparad witii a predatar- 
mined Ihre^hoid {rather than using ths gaotfent of 
PEMP divided bv ^EMP), s:noa ' f peecn ss ger;- 
eraiiy of a significamly higher irst^snsity than is 

io Daci<oro;.;nd noise. In a second aitarnative e.'-v 
bodliTieri;, spascf? detaction n":ay i:ia bypassed al- 
togedhar, on the assu.Tiptien Jh.-it ids far-erid ^^s.k' 
isr vviii ;.ot ba speaking at the dan-.e time tnsi the 
near-end listsnsr ss speai^jng. Iri sfher worm, we 

as may not oare what the "noisa tioor" is dofermiead 
to ba dudng periods when ti^e near-end iistener is 
apoakiriQ. !f; ihtii saoor^i aitarnativa an-Jbooiment, 
makinii.;:ri sample iafch 35 a-xl speech detaotof 
ana noise fiocr estirnaicr 36 may oa rern'Sv-srl frc-ni 
nol.se levai eadifrstion 22 of Figara 3, and the 
output of niinimam sampie latch 34 (As., signal 
h^.^f-ZP) may Oe used directly as ti-;;5 r^alse fia-i^r 
sigrsa! outpat of noise ievsi estinsation 22, 

Figure 4 shows an itiuslrative impiementstioo of 

ss gain cotPputation 24 of the syster?^ of Figura S. Trie 
gam Signal is. g«-nefated basa-:^ on ;ha noisa fipor 
signal fiom noisfi: l&\'a: est;ir;ation 22 .'ind en fne 
avarsige ape&ch power ievei sig-rsai frons speeds 
po«'C; ^stFTialion 23. Sp-ecitloaily. the o;:>mpiJi8d 

4Q gain is advantaseously propodionsi to the noise 
tioor and Inversely proportionai to the average 
sp©s>ch power isvei. fv^oraover. ti!e gain is never 
iess than one {ie,. ihe o;;gina! speech sig-iai 
never aftensjatsd) nor is It evor more than a rnasi- 
rr;ur;i specltteo vaine. 

Rrst, ampiifier 41 fouitipiiss the noise fioor by 
a noise scaie factor. This ooise scale factor is set 
to an gppropfiste value so that the oorpot signal of 
arrjp'iiiier 41, vrhioh is rap.r.-jseniativ;; c; a gair; :ac- 

Si? tor. jS of the sppropdats n^sgnitnos. in parslerilar. 
tt!>s noise scale factor acts as a "senaitivsty" control 

being apptied for a given ievai of backgreond 
noise. Tne rnagn;t!)de r;f -his S;gnal may be ad- 
ss vantagaousiy sai -o that gain factor ■■i-'i^lch wlii boost 
tha lowest far-en<5 spoe-;h ievai.s i;-y an app-o-priate 
amourst to overcoms ttie noiss isvsl. For example, 
the noise scgia factor rrvay illussrativeiy bo set to & 
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?^a^:^!■:xs«i v;:h,:«: i;:-;5t'>vij.?f. ;;sj-o and one, such as 0.4. 

i->d g&i) factor lo srsure- ths; She sysjem do'is not 
ait&n^pt ;C appiy an Si:-:o{;3S!ve gain tacior to She 
c-ngii;;ii s.,o;?S:Ch s:i^;n;:;, To:- sxsnipia ih^ mayjiTi-jrTs 
penrsitfed 03;?^ factor n^sy iiiusSrctiveSy be set lo 5,6 
ae.. ;5 d8.!. Mavirn:;:-.jr (MAX) 4Stfir/r: ?:nsurc=s -rui 
ths rssusfersS gasr? fscfer is in no case Isss than one, 

Dividsr 44 and riiinssTiizef (MSN) 4S determine 

:n t'ne gsir: c->rnpijt«;h>n s.:; ii-ai Ihs; feSLiitani gain 
w::! bs !nv&fs*;iy p:'cp«rt:or;3! to ihe aversge ,sr.>sech 
power feve: as provkied by speech power estirrif-r 
;;or; 23. i^ivider 44 computes the quctierrt of a 
fn;r;i!num far-end speech iisvei divided by Ihe awn- 
'i.Q-3 epeech po^vsr i-jvas for use as ti::3 sdai-lcns! 
s^uipSicativs factor, Tpe fT^inh^um spsech level 
rsprsssnls this f^jnlmuiTi leves whleh Is to foe con- 
SidcfiKl acii.sr.l fsr-ond epyo^C'i. .as distinguished 
from mers background nosse during s psrlod of 
silsoce by ths i3?-eRd speaker. For example, ttis 
minimuDi speech level ftiay iliissfratively set to s 
vt-iu.!- fepresiiinllng -30 dBfn, Mif3irr;i29r 45 then 
snsiires tbat this iV^uipiieativs lador does not sx- 
ce&d ene. In this :"nan:^er, tne fjain facior Is not 
:ncre3sed as the ^if-end spssch Isvel goes below 

not ovsr-bc-cstsd (i'^e., not boost&d mors than the 

.AfTiplifier 46 .'Tiuitipiies the §ain factor gen- 
emtsd by amplifier 41 prough iitiiilmlzer 42 and 
f^)gxiir^^^er 4^ by ihs sddittonal multipiicatiye facior 
from -Jlvios: 44 irhrOLiQr; :r,io:n^;28r 45) Fi!-:aiiy. 
■ri3x;ri;!;?ef iKSAX) 47 -srisiff-ss ihcit Ihe final ^^alr; 
factor is rK^t ;e$s one. so thj:i tbo original 
speech s.sgrstii is -x-vor ettentiiited. Tn-js. the feso;- 
ten: g;?Jr; iac:-;>r, G.^skL Is p.foporiionai to the nol.se 
floor Isvsi snd tnv^rssly proporfiorsal to the avsrag® 
spe©c:h power levsii pyt ngitrter toss Shsn one nor 
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An nhssUSiih'Q Bfissdfeind Smp!eni€-ni;ation with 
Conpresssd .Ampltftcation 

As dsscrlbsd above, tt)s teehrrique of com- 
p.!-es5ed en'ipiiJicaiior; -eauit;? in ihe appiicatior; of 
!T:Ore gain to lower srsergy signals t,*^ar! to higher 
ofsergy slgeais- This l^ssips to corr^pensafe lor the 
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u;i<:toa -ijrowi!? of loudness which feeuits fror-i ;he 

slgn&is tesxi bo n■!es^<^^d py s'ioise n>ore jher- 
higno!- eneroy oignai?. the higher energy signals 
require loss an^phfiostion. MoreDver, this compres- 
sion svcfds distcntng the speech by avoldsr^g over- 



arnpifiioatioi-! of ri'ie hgh energy sigf>3is-.. TfiUS: she 
ypeecii inteliigibiiity is increase-': withoet tho un- 
wants-3 side sftect of over-arnpiifying thoss sounds 
which are already sofficiently loud. 

;^i5'.:rc 5 :5 a grapn wh:ch sr;owe a cornpr.jssor 
ga:n whir;h mny be applied to tno onginai speech 
sigrsai by the signsi boost unit ot an itlustralivo 
smoodin-iorst of trio s-,';r:i;n-; <.■; Figur-i 2 appiyirig 
oe.mp!ess.eO anx^iificaSio;-: Fsgi-ro S i?. a grapn 
which shews ths corresponding transfer function for 

appiying Ihe gaio shown' In Figuna S. ,As shown, the 
gain (In doeibsfs, or dB) to tje applieo: varies fror?^ 
Ql, s precietsrrniried "low-levei" gaif! which ts ap- 
plied to the fowost energy signals, down through 
Gf-i. a "'high-fevei" oain. to no gain at ail ;7,e., i) ciB) 
af t!";e nigfiosi energy yignais. Tj-is i&^v-ifcve! gain, 
Gf., rrsay ijo i^^ased on tha output of gain computa- 
tion 24, GAfhi, as sr>:jv'-'n ii": i-igirre 4 ,arid describ-ad 
aixive. In particoiar. wr-ara Gain rotiects a rr-.ay]- 
rn^jm gain factor and Gl, refie^its a ga:r: -.n d-jcibels, 
ii can be roap-iy sear: tr-at Ql - 20 log iG.AiN}. 
Noia from the gsaphs of Figijres ii and -S tnat the 
gain aGva,ntageousiy remains non-negstive, thus 
ensurifsg that the signai is neysr attgnuafed. 

The con~ipr8ssor "brsakpiOint," 8K, is an odgi- 
naf speech signaf level threshold below which the 
gain applied remains constarri. That Is. signals be- 
low BK jRceive a linear boos; vvhiie only tfvjse 
above BK are in fact con-.pressed. By .keeping the 
gain applied consfan! f^efow ills ihresfioid. vsry low 
levei signais, which likely reprsser^t only back- 
groynd noiss at ti:e lar end {raiix-r than a--;toa: far- 
end spe-acfj). vriil fjo- pv- exceasivoiy afnpiified {i.e., 
will not be boosted moi-e than the fewest level 
spe<=;eh signals), ^.vf^ii^^ ;ow l^svei sp^sei^h s^ignal-i: w;;; 
at;ii recriive Siitficl-ant boost. P represents a ocint at 
whicn a i-iigh- level gain, GH may i>e detii-ie-d. Botn 
tfjo conipressor breakpoifji BK and the point P nisy 
bs advantageously chosen so tnat most of the 
dynafT:sc rangs of the origif5af speech signaf fails 
between BK and P. Thus, tfve low-ievei cair: Gl s'-'lll 
be appiiod to the low-sst ievei sp©!K\h slgoais. while 
the high-ieve! gain, GH, will be appiied to the 
iiighest level speecf; slgfjsfs. For sirarripie, BK rnay 
be set at ttie minioiern isvsi wfiicf^ represents ac- 
toal speech (as orjposed to ;a>"-end background 
noise). P, for oiornijie, rrisy be sot al a sp<;:8ch 
ievei which Is exceeded only W% of the time. 
Alte,fnal3vely, sitK;e speech typscafly has an energy 
disiribiition that a-iges over ab-oui SO oB, either SK 
or P may be chosen as fedieated sfacvo, and tiien 
tfso otf-ar pararri-aSer may be set 30 dB higher or 
lower, respect i vsf y , 

Figure 7 shows an iiiustfgtive Impiemientstion cf 

system o; F-.giiro 2 appiyir-g corfipfossad arr;- 
pHfication as shown in the graphs of Figures g and 
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6. TJ-sa i!;!.f;;i!-j;:ivt- i-r^pie-rrsentstior: ccrfiprlsss ab- 
soiuse vaHiS biork {ABS} 50. msk 6e\sc\of 61, 
iogaJithn-i b;Ovk ilOQ) 52, iriustipii&f 53: «dci3;- 54. 
n^inifi^izo!- {fs^i?^; sS. acjdar 56 -riiffiirfii^i:; (N-IAX) ST. 
e>:pGnt-ifts--:>r ^SKP) 58 av^d nii.sSiipliSjr 59. As ca^; 
OS S8£>r; f:--;rn the prsssnciS o; logsri-hni block 52 
and eKponentisiior SS, ths compotation of the cosii- 
prssssd gsrs is primarily psrfofmsd in the Sogarifh- 
rnsc doftjasn, AS of th$ sndsvScsjal components are at 

Specifically, absiohjie vaiijs d-joK 50 comp;;tss 
ii-;a9;!aijciB oi Ihs sfirnpld. Pesh detector 51 
e&rsiro^s the sttsck snd release Jimss of the com' 

sfivanlajrKfiisiy d'jssgrsyd so a;? (o provide instante- 
rst-OLii- ait'::c;-; but ayiiabjc leieass. An insiarisansoiis 
aJtac.k tin^ft snabijus S-tj cGi^:pfe5;so:- ge-in ic be 

suddsnly fssss, Thsrsfors, sudden, loud uoises &m 
pravsnted ffoo'! being over-amplified, ^hiss avoidsng 
causing pasfr ^tsksfy to -ho -istensr's ear. Th-a 
cosnprss;?or g&::: i.ncroasss, howsvsr. at a rate de- 
pcriG&fij oii re'-jay;.^ tin-jo -rc-i^siani. "i'he rijiease- 
tsnie Gcrisfsnt ms^' be set, for example, fo 18 
miSfseconds {a? less) to raspsnd to the fast energy 
cha:-!g6K rs£^oc;ar;;d vv:th th-v- phoner:es of spoken 
isrjguage, Speclfscally, if s(n) fepressnts the n'th 
input SSsTipSs to ipsak detector SI and >'(n) rpprs- 

5t P.- r^crr.-xs hv -S(. -tir^-j vin) = >- 
{nj if x|n) > y(n- ij, snd othewise setting y(n) ~ 8 
ylfi-IK where « with T ssi scjuai to fte 
eampiing period {s.g.. G.1S5 Tniiiiseconds fcr 
tei-sphofiy) and se: -it^isi K' Iba^ fe?8cise hnKi 
constant (e,§„ 25 r^^siiiseeonds^, 

i.ogarilSvT^ ijiocrk 52 ccnverls Sho output signal 
of peak dpteotor Si into ifse ipgsriififrsc domain by- 
taking the ksgsdti-iiT! of the dsgitai sar?!pl8, ^^fu5i!pHer 
■53, adder 54 end iT;in:r?-.ir:er 55 cofrsputs tm reia- 
iivs rsductsou in §sin which is to rssuit imm ttis 
oon^pression. t>;af is. the ar;;oont by ^bkh ii'ie 
rpsuljant gssr^ wiii be reduced from the Sow-iovsi 
gsin, 8L ■ which repfssersts the maxirrium gain) is 
calciiiated by thase components. Spscificslly, mei- 
tipifer S3 jTiulfipiiss the sigrial by the amount (k~1). 
where k is tiie rsciprocsi of ths "compression ra- 
tio. " Ths corfipfsssion ralso, CR, rspfssents the 
siops: of the coifipressor gain oer^'e as shown in 
Pi:;o;e §. and -vsay ix-; easiiy caicolated from tl^e 
parsmefers BK, P, -3L and QH (as defined abovs) 
as CR = l-'K = (P ~ 05K)»'P ■ BK * QH - Gl} 
Aodijr 54 thcr: ixi-is the (negaiiv*) amtiijfu - {k- 1 } 
:o§ {bks -0 tiiS rtsuit froe-; JTrUitipiier 53, wjiere bk ;s 
■be compness:".;!' bseakpoirit iie , BKj express^ed as 
an ai";saiuto ievs; on a iipas? soaie. For exarripse, if 
t^iij spleen signai rriagnltodes are in the rgnge 
iO,B] on a ;;near aoale and it is desired that tiie 
cct;;:>retSi)r nrnittcpOiOi P-s p!.:soe<;i a j>r-;.'ci-'5sor:riinsd 



amount >■ d8 dawn frc-m f-t, th-sn bk R ;< 1?}- 
MiniiTiiser S5 iirfiirs ine resuil oi tS'e above corn- 

ti!at the final resultant compressed gsiri wlil nev^fr 
S/;cssd the iovv-iijvel gain, GL. 

.Adder- 56 adds in -be &rr^Qunx gi. which is the 
logarithm of ths gain whsch is introduced by fee 
comprijsso:- at aii ieve-ls seas -tian hi-: {is . s;ie io-v- 
iev-.ji gain). Thi.iS. gi = i09iGAiN} ~ GL ; SO. 
Me^imijor 5? ensi.irffy£ that ti-^e final .'efust i;as -x-n-!- 
pijk>6 id tiis icgar:th;v;in doj-riairi! r.^nviiins gr-^eief 
•i^an or eqiiOi ;a aCii'o to ensuii's il^ai the oni.;sinai 
speech Signal i? nsvei attersufii-Kl. l-i<p;;;ntnt!atof 5S 

ot the {oganthmlc domain to produce the final gain 
iSi-.;Br t;.e., rhe comjiiessed i^aln^;. Rri^iiy, n^ilsipiier 
55 appties this (mijitipiiCStive; giSin isclor to the 
originai speech signai to producs the medified 
."ifieec!) signal. 

An Aitsmativs isiystrative impiemerstation of 
Coffiprssssd Anipuncatlon 

Figufs 8 sho'vvs an giternati've iiii.istiative ini- 
plementation of the gain confputation unit of Figure 
2 for appiyifsg comprsssed ampiificaiiori in a dlf- 
terent rriSriiiOf thai^ t!-;a- described abo've. ir; gain 
computation 24' shown i'iprein, the Icw-ievei gasn, 
-31. of ths con-ipresscr of sigi-ia; f-vOost 25 is varied 
only ae a i:.inc5ion o; tiie b3<:.i<3 round noise ievel 
{and not based on tfje average speect; power lev- 
el), while the high-isvel gain, QH, is; vansd as 8 
func^on of the average speech power ievsi. That is. 



ii gain 
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ffoof, and the high-ievel gain is inv«f'seiy propor- 

Thus. gain '-..omputsfion S4' p;i:;d!.icss an OL'tput 
(QAiN) oompfising tm "independerst" gain factors, 
botr; f-f tibk-h are suppi!<:d io Siigrijsi boosE 25. 

t^Ci' example, if P is ci-sosoii to be set at a 
speech level which is e,xce&ded only 10% of the 
time as soggested above, the rssuit of this aifer- 
native impiemeritation is that i;he etfeet et varying 
the iow-levei gain becomes esseniially orthegoeal 
lO the effect oi va;y-'nci the high-level gain, in 
particuiar. varysng the iow-levgi gsi;^ w^ll affect tiie 
inteiligibsiity of the speech but the loiidnsss wiii bo 
reiativefy uriaffsoted if the high-le^'sl gain remains 
cortstant. On trie other hand, varying the high-lsvef 
gain wiii affect the ioudness of the speech tjut the 
i,nt8lilgibliity wiii be foiafiveiy onaffeots-d if the low- 
ievei gain rsmsains oonstar!!. Thus, tne iow-iovoi 
gain becomes an inteiiigiblifty "osntror' and the 
higi>fevel -gain oecornes a icfudness "co.i:frol." Ad- 
vantageously, tf-serelom, the iiustrative impfements- 
tion described iierein increases the iow-fevel gain 
as the background noiee stjcressss, while it in- 
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JtiSv^jTiixor {MAX} 4S p!c;-3tice « g«in factor uropor- 
liOHci lo th-; nc'fsfc fi:;o! In «n aria^ogous marirssf to 
the corfgsponsJifsg components of ths sn-ipSsfiismta- 
tion sf-owi if; Rqui's 4. ssrne paramei-isra ~ a 
:>c-ls:5 hic:-o:- -iiid Si iruiXir;-!!.!^^ petiTiirted ga:n 

re5;u:t;:;?t ssgfu^j i;; t-iis case. how^A.-Qr, ;? iha finai 
;ow--:8V8s gsin l&ciOf lO bs pi'ovidsd to the com- 

Divider 44 and msiiimss'Sr (MSN) 45 dstefTOine 
ar; aljer-^aiivA ga::-; ;.s;::;Df {:nv<:.-fsj;iy proDordonai to 
liie svsragp speech power tevsl), also in an anak> 

ifnp.i-jrj' snuiiio;-: showr- in Bguw ^. M:,:itipi;6r 48 

ep!.ia; ic- ons) by i; part--riOtiii' fi^preseniing *he 
maxinmm psrrnijtsd high-fevei gain factor to pro- 
duce the fssgf}<lsv8i gaSn factor to be provided to 
ths corr^pfissso;' s.igi-s^-i boost 25. Fof exarr-ols, 
tha r?iax!?T?um psrs^stfed hlgh-feveS gain factor may 
a::!vaiv;ageo!.it;;y ti^ sf.:t to ih^ k-iW-iftv-^si gai-; factor. 

resuusnS ga:;-; ja-irfo;- is ipas-t ono, so that ths 

With thi resuitsni oa;n ja-;tors as produ(>:!Cs by 
o/x^n cc>mp-;tat!Oi> ?A\ signal boos; 25 msv be 
i:-;?!;.-i-jif:snt;Ki as ^ho^n ;;• Figurj! 7 enci dsscrifcad 
&bova particular, tiis cornpf&ssion ;s;io. CR, 
■r;;:y bo roariiry conir-i-es^ as descfsbod abovo 
bastsd on ths b-i>/-fe¥6l and high-level gain factors 
qene'&ieo t-y gain ton-ipijtstion 24'. The; co;ri- 
prc-svoti ge^r rroy Ji^sn b-;. oo-npi-tpd bgsed or^ thp 
vaiues o? k ;s.^CR). biN sjvi g\ (ba^seci ir; tijrn on Sho 
iow"isv8i o^sfi tactor) as cfescrifegd above, 

Figisre S si-iow-s a pystefn-iev?; diaQssm ct a 
muitiband-based sgustraflve smbodiment of the 
r-^rf,-3sn; in^'o.-i-ion ir; vvi":;rh noiss coi'^ipenssiion is 
p8-;lGrmed in individiiai {ts-eqoency) susbands. By 
perferroing rsoise corsipo-rss^ation indepsndentiy if? 
d'Stirict Kubt-afJdK. ti^e noise energy in one tre- 
quenay iDarsd vfit; rsot aftacl llie gain appii&d to tfie 
ofiginai spseci^ signal a- oth--vr fi'sqiisnciss. For 
e?:^;:^-!*^: high onof;;!^, lo-w frocjuoncy cornpcnsnis 
sn th'; Ofigns; sp^v^joh s>gnai w;;! advar)tag?cus!y 
rsPt atfect the gairs applfSMi ts the high froquericy 
components ot ii-;e sigrssi, Ir: geo^srai. muitibanri- 
pas;s-5 noiSe compensate;--: permits isetter .acisp-a- 
tson to the spsctrai criaractsristics of the bsck- 

mufSsbgRd systofTs oorrosponds gensfsiiy to that of 
ti":S bro&dbanci sysiefo of F:g;jfo 2. Hov^jvor. eadi 



of tho processes psrtoroieti by ^ix^ &-Gai:i;>sn;:i s.y^- 
tem 0? rigu::5 2 penorrnf:c by 1h^' nujitiDand 
system of Figufs 8 in a pluraiity oi ss^dspendent 
subtends, in particular, each of the four corripo- 

s ;x:.nts 5.ho'A'n i-i Figoro 2 ;nay De :-s5piacec; iiy « 
piurslity of corresponding "cspfes" ot the gsven 
corr-Donont, oscn ot wi-i;ci-: oporates or; f^ne o- tt-e n 
subbarids. ii-.te Ai-iioii each of the aionsis. is 
sepaLatSfi Since .siiDbaod-Dased processing oi 

;i; .5rje?:ch and fiadiC ts. V;i;;ii kr-;c->*n, t:-:-} foiicw- 

ing descfiplion provides an overview of ths n^ul- 
ilband in-jpierrsefifation of Figure 9. 

Spscfficaily, muitidar?ii noiss eompensatian 
systen^ t--r cornprises an.aiys!? fiiffe! bsr!i<s SI a.^id 

?s S2. no:se iev5;i esfirnation 22'. speech powisf es- 
timation 23' , gain compytation 24\ and signsi 
boos! iirxi c-:dd-5f 53. ;L.JniS;; which coiresoond to 
ttjose of she broaoDand syst-^rr. of Figure 2 i^ave 
been assigned ths same nonsbers with an added 

i-o "pn'iTiiJ'" ruaxk.) Each of the two lOp^it signals - ii>e 
!'!()isc--:rid:cativo signal and ti:S ohginii -spo-acn sig- 
nsi -- are separated into « ooirsjsponding soi of n 
subbavd cigoais by anaiyeis nit?:- banks S1 and 62 
in a conyentionai iTisnno^ .AdvanJa-geousiy, tiioss 

are sopar-atnd into corrcpoonding sets of S:;b;>;!nd 
signass having exactly -iie sarno ffoo!.i«?nc;y bix 
structtii^i. 

Noise Isvei estsmsusofj 22' corr^prisos subosnd 
;-<:■ noise iovsi ostirriStiOr; 22-1,..,22-n. spe^-scii ixswet 
estimafiijn ;;3' compnses sybbanb spoijcn ppvv.-sr 
estimsfinn 23-1,.. .23-n; gain compotation 24" corn- 
p'h?8s suinband g-ssn coi^iputaiion 24-t,. S^-n: and 
signal iioos; 2;?' oonipHsos ■i^;i>p.ar;d signal boost 
S5 25-l..,25"n. Each corresponding set ot compo- 
nents 22-i, 2S-S. 24-i and 25-j (cofrespor-dir-g to tho 
i'th subband; have s corresponding internes struc- 
ture gEJd operate in en anaSogous manner to eom- 
ponsnts 22, 23. 24 a-xi 25 of Proadi:>a-^d noiso 
■;;> cosnponsatier; sys-orn 14 of t-sgure 2. .Aftes ffie 
speoon signal as divided ;niG si.;i5nandf has Ixiori 
appfoprtately modified so each of these sobbands 
(by snbband sigi^ai boost 25-1. acidsr 
con-.Pioj^s tiiif; rojoite-'if nicdihed sopband siXiiX-t- 
signals fo prccisce the final modified spe«ich sig.nal 
for use St the destination. Adde; S3 ;? of convon- 

ir5 an afternative mnltiband embodiment, 
speech powof osfirf^a^on is not performed in sub- 

S!j bands. Ir: thjs case, speecn pc-wer -artiiriafion 23 ot 
jfse bfoadi;j;3nd systeirt ot Pigere 2 may de ueecf in 
place of speech powsr estimation £3' , providif^g its 
output sigr:s5 {average >rje«:Ch po^ver ievoif to sach 
of the sob'bafxl gain <:.0!r:pt:!;;;ion ■^oi'i'ioifiiisnjs; (24- 

is 1...24-n; TnsE is. this aiterfsste emfxxlirnonf pro- 
VidoE gal;-; iat.-ors if? eacti subbJif^d vrhich are in- 
vorseiy propcdionai to ths overall spi'Oci^ power 
l8v«l of the ofiginal speech signal as a wioie, 
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Although l:h«? indsviduaS sabbanti comporsenis oi 
muitibaiid noise comptynsfMon systssri 14' corm> 
spon-'j X: co;np-;r;-.5r;-s noise corripensation 
systg.'if^ 14, Jhf: vsrioys psrarnsters {e.g.. ihs •-iC'isis 
sca^e '•jicto;', the !'!:«.<ir!'';iirr; p&f milted gasrs faotos. 
tt^s iTiiniiTium spssch levei, efc.) described in mn- 
r:i}Ct:(.m •x :;;-? coiv-pynsisiion sysxiirr: 14 -ssove 

tne d;?fe;sn; soDbSfxi ifnpi-srnefitg-iofiS. For ex- 

ralsass tims g? psak dstsctor 51 in a higter fre> 
q;!e!X:y biisx; -rssy bs sdvsntagsDusly set sower 
thsn ■i-!?; rs-osss li-^-se for s CD^rssporsding peaK 
defcdof Si? so^^^^^ ff<5qij6r!cy Dan-'j. 

For cisdt>' o; ©xpianalksn, Itse iisustrstive em- 
botlimeni sjf ;hs5 prssant inversSors is prsserited as 

C u \ ^'■l ,Si" 'sis func- 

-ixrss b:ocss -ypiesijrst n^Siy be ptovided 
through the use of either shared er dedicated hard- 
waro, in-iSudsnQ, but s-sot Ssmstsd to, hardwjjre ca~ 
ysfciij of :?>;8c:-:Lis'!^ so^t'-vsrs. Fo; cxarrijjie, '.he imc- 
tions of processors presentsd in fh& visrious Isgores 
ii^ay be pr-jviddd Dy a jingle shared processor. 
iU80 of tOiTo "proee^sor" should not be son- 
strued » iSto; ?>"~:u?:v6:v iO r;srLi\«a!? capanio of 
e>!ecut5ng soltwsre.l 

;lii-stfet;ve e;r!&:-d!!"06f^«-f srrsv ■ro-Tiprise digital 
signss procssso; iDSP; hardware, rsad-oniy men-!- 
ory (ROM) for sSo.riOi:i soft'A'sre p«fero'> sng the op- 
er«'Jor;s dijcusssc: teiew. ar;d raiidctn access 
rn^:T5C>r\^ ;H.Ari^,; tor storing DSP results. Very IsrQe 
.?c.;:io is-iygjaiiiX: iVi.Si) fsaidwjre ornixxii-rsers-s, as 
weii as custom VISi drcoitrx' in combination wilft a 
gsr-eral pyrpose DSP Cffcyif, may aise be pro- 
ysded. 

Aithough g sioiTsber of epecilic embodiments of 

f-Lirein, it is ir; os iindsrsiood these 8;riix:idi- 
nioi^ts are srorsriy iiius;; alive of ;hs o-isny possible 
speciffc an-angeiTsents >Yhis'f! ean be devised in 
application of tiie prii'jcipiss of ths invention, i^'u- 

viSisd in accordance with ihsse principles by those 
Gt ofdirsary S!<:;; i--^ ti;e Vv-ithouf departing frors? 
^5S Spirit and scops of the iiwenliors. 

Chasms 

1, A rnciiico ci p;ocessi;iC: an origins; speech 
yigi-;;;! in 5! Jsii^.-phone netwcirk Sc pforitice a 
rnoditied .sc-cxicn sic:n;;i. the modified sjisech 
ssg-^sai for use lii a desfinatioa having back- 
ground I'ioi^e th^i-OiU, ihs; rnetfiod cc-fnprising 
tho steps of: 

rsceivisig a signai iodicativs ol the back- 
ground nciS';i St ti'is destifJetion: 



appiysi-sg .a risiri to tne odgioai speecn sig- 
r^si to proc3uc$ ;he ir;OC!tisd sp«ief.n signssi. 

iodtcs'tvs of the bac><groi.iod noise; end 

^firoi.igh the teiephc^ie networK to the cestina- 



A sr-sth-xf oi :>i-o<:;;5s:sinjj ar; oy\gi'\S' SDoeeh 
signai in a tsfephooe network to prodoce a 
mooified speet:.n signs;, tho ivsodifissd speoci! 
sigrsai for use at h dsstiriation i^aving bick- 



file s 



i of ths beck- 



recervii'ig a signai 
gruurtci noise s.1 ths de-stifiaflori: 

sopsi'a'irig tix? origs.nai speecii ssgnai mi':! a 
ptursiity of originai subbaod speech signals; 

separating the signal in--jicativ'e of fho 
background rsoise into a pioraiity of sufiband- 
noise-iridicaiive .signs is ccrnsspcmding to the 
piurgiity of eriginai eubband spseci; sigr-isis; 

eacfi "originai siibband sp3«ci'i^ signsl to pro- 
doo© 8 corresponding piijraiity of modified 
snbband speech sigrmfe, wherein esch sub- 
band gain is s ftjnctioo of tne corresponding 
subbarid-noise-indicativs signai: 

spi?e'::.h signai. and 

transmitting tix; niodifind speech signai 
through the teiephone net>vod< to the dssting- 



3. A niisSlx.'d for e.ss- in p!Ovic:-iiX; a teiepho;x- 
ngfv/ork .sfj.^^^ics com prising the steps oh 

receiving an odginai speech signas for 
transmission to a destination havirig Ijack- 
ground noise tfiersat: 

grourtd noise at ths destinafioo; 

applying a gain to the original speech sig- 
nai to pfodyc0 a modified speech sigrtai, 
whenjin the gain is a functiort of the sigf?8i 
indscatsve of ttie baci';ground noise; Sitd 



tr&nsmittinr 
ti^e destination. 



eix:i5 s 



4 The sT^etftod of elairrs 3 further compdsing the 
step of jTteasijdng a ievei of the signai indics- 

dei;;ir;riinf::p ji-Titj periixi, whai'jiri !i->B gasrs ie a 
function of said noasurec iove-:. 

5, Tf-e rntihod of ciaini 3 y-'f!i?fs?in ttio gain is a 
kifthcr fijncticn of the originai speech signai. 
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stei:: i>f ds!5&^rn:f;lr:g an 9f;i?rgy isve; o: the 
c-riginai sps&ch .-sign?;; niessi.ifed ovef a -^scond 

s fanher functsor: of ssid sngrgy teveS. 



sisp of deterr: 



■! 5 kiftner cofTiprisinQ 
she- Qi^ii. wheryin ;n4: gain 
of a level of the original 
ihamn ths g&xo appiisd to 



imBi is gmstes- thar? th« gas si appsled to the 
originai speech ssgnsi when it is at a second 



S, The method of cSaiir; 3 whgresrs the sigml 
irsdiostivs ot ihs backgrouRd mms compnses s 
sk^ml iodicatsve Df both the background notse 
as'sd speech, sr;<3 whsmin Ihs step of applying 
the gsir* snciijidss Itse step dsserminsng when 

j-ioise arjd spes-rr; does no! ;nciiide speech and 
detss-fTiinsfig the gain at such times, 

A Pf'Sthod 0? prccgosing an odginj:! speech 
sigrsa; i^jisphone rjetwork io produce s 
j'lodif^sd speech -signsi, thfj modified speech 
Sig-n?:! So- es«: bv i teiep^ior-e s?.-- a diss^ina- 
tio.'; having bseisgrouDd noise ttiereat, teie- 
phene s-e^ is-s^i udinv f--!e:5r-3 h< feojiviiig iiie 
rrsodsffsd speech signsi frem the tsiepHooe net- 
v«-j'k sess sTj-sns; sddif-g s siiie Ion*; to the 
received signgi, ti'se mslhed comp?isfog the 
steps of; 

receiving h ;?;gn«i iridicative of the back- 
gmund fiftise si ths destination; 

3|.)piying s <;isin te the original speech Sig- 
nal fe prcidues fins e'lodifisd speech signal, 
whsrei!"; tne gal;-: is a function of the signa! 

ii-ai-isn-sitiing fhs modified speech signai 
through She feiepherse network to the teiephone 

whereijy the gain ss appls@>d to the original 
spsecn signal to pinducs the n-iodifsed speech 
sigiiai osiG!-8 Ins Sidn K=n<; ss &cr;e<i trterete, 

10. The iTiOthod of t.iain< or 9 wherein the gain 
Is a function of s isvei o! the ssgnal isxiiestix'e 
oi the b!!ci-;gif-yix-i noise niS3S.i;red ov-S;' a first 

It. The nisHl^ca oi ciairn ; or 9 wherein the gain is 
s further fenCilnr; ol the origsnai speech signa; 

12. The n-;ethod of ciaini 3 or n --vherein the gain 

is a furthsr fiisnaion of an energy ievel ot the 
odgfesii speech signssi n^sasiifsd over a second 



prsdetermined tin^e period, 

13. The rnetlied oi ciairn '. or 9 vvheteii^ 'lie gain 

a fsjriher foricfroii ol a level ijf the original 
speoch signal ar:d wi-;ereir; -he gam appiico to 
the original speech siQ;-;si wi-ien ;t is ai a ii;-;-; 
ievei Is greater than the gain appSied to the 
original spsoch signal ydien Is al a second 
ievei gi-satsr tnan s.aio f.rst ievei. 

14. The method of eiain) 'i or 9 whersii'i: the signal 
indicative ot the Ijackgrourid noise cernprisos a 
signal indicative of both the background noise 
and speech, asid wtherein Ihe step ot applying 
ihs gain includes the step of dsterrnining vvhen 
said signai indicative of both the background 
noise and spsech doee rjot inciude speech ar^d 
deterfTiinlfsg the gain at such times, 

15. A rne-ixid of prec5:3sing an Giigi-ial si:>aec.h 
signal in a teleprtone netwoiK to proouce a 
rriodiiied speeo;-: signal, the modified speech 
sigrml for use by s telephof?e set at a destina- 
lion having packgrourfd noise thereat, ti^s tsls- 
phoesi set ineiudii^g itiearjs tor receiving the 
ii^odified speech signai from the telephone mt- 
i?>'ork and meens for adding a side to.ne to the 
received signai, Ihe metixtd Oi>rnpnsing the 
stsps of: 

receiving a signai irsdscative of the back- 
grcuiid noise ai -he desi-natioii: 

separating the original speech s^gnsi into a 
plui'elity of original suttend speech signals; 

sepa-ating tne £:gnai indicative or -he 
bacisgesund noise into a pts.;raiilY of ssibband- 
noise-indicatlve signals corresponding to the 
picraiity ot origifta: subiosnd speech signiiis: 

applying a conesponein.g suisband gain r.e 
each origifiSi .Si.;i>band .speech ;;ignal io fire;- 
dijce a corresponding piiiraiity of inodifiod 
suhband speech aigf)als. vvherein each sub- 
band gain is a functiQn of the conBsponding 
sufcband-neise-sndscstive signai: 

combinlfjg tiie plurality of rrscdifsed soi;;- 
iisand speech signals to prodtjcs the modified 
srx^ech sigitai; a:i<;i 

transmiftirjQ the modified speech sigfssl 
through the telephone network to the teiephone 
so; at liie desiinatiijn: 

whereby the subband galrrs are spplied to the 
cei-fespo-iding ■^-;--,i:nai suhband speech Sigsiais 
to produce the cofrespt;indinQ modified sub- 
bai?d speech sigriais ijefore Ihe side tone is 
adde<i to ti-a r:x,;b:iie<:! speecn signal 

16- Tlie rneiixid t:i cLiim 7 c-;- 15 r.iierein eaci; 
sisbband gain is s funeifon of a Is^el of thg 
ccrre'SpeiXii-X; pijir^ijand-noise-indicaiive sigria; 



to 
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17. The n-!'.?tn-x; o; ^iiiii.-vs c« 16 whe-ei;-; sj-ch 
Sijbbsnd gsin is a fujthsr functiof? of tfie cor- 
j-esporidsrsg ojigsfsss subband gp&ech ssgnaL 

1S. The ff;-'5ShoG J ciisr;: 3 or ;7 whsfoin eaor: 
subbsf5d gain ?s a furinsr function of an energy 
:j3v©i of fne cors-ssponasng original subband 
s:p$?c^i n-!$a?Ai;-«d over -s ss-^c-nd gnj- 
dstsjTTjsrisd Sfr5fi period. 

1S, The method of cSalm ? or 15 whsrssn each 
su&band is a further function of tfte orsgi- 
nai spsscfs signai. 

20. The ^iethoci of ci8!.rr 
SisbbsBS gain i 
isvsi of 5h« ofiginsi 
over s isscond pre4§1 

2-f. The ;r!el|-:Gd of ciairn 7 or -5 whefoin ssch 
subband gaio is a fuslber fimcfion of 8 level af 
fhs cofrespondis^g original subbsnd speech 
signai and ^ivhoroirs the suhband gsin applied lO 
the orsgsnsi sisbtsind speech sigrsai vvhsrs ii is 
at s firsf ievgi is grgafer than the subband gain 
sppisad lO ;iif.: origsiiai ^-.-bbano speech i;griai 
vv!-;f-si it it c: o-5Ci->^;d ievti Q 5f t:':en sieid 
first isvsi, 

22, Tne fTseshoP c1 clai-f- 7 Of i'6 wh;er\=iir; ihe 
t-ig^iai i;-;di ".:iiv-:5 oi ine b;iC!<C:JOund noiso corn- 
prises & ssgnai indicafivs of both the back- 
gmuad rsoies and spe&ch, and wherein Iha 
sisp ot appiyipg tnr; subbsnd gairss iiiciudes 
the step of dstsm-iining when said signal indi- 
cative c:-i i;-0"-; ih(; ;5a;;!<grC'L;nd nois-s and 
v'peec;;- doo? nos include speech and detic-fmin- 
ing the aebbaad gains at ssscb times. 
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